technique developed in our laboratory that has been previously reported (16) . In brief, it consists in the confrontation of 0.1 ml of diluted serum with 0.1 ml of mouse sperm suspension in a tripleexcavated slide in a wet chamber. Each run includes 2 serum samples in a determined dilution and a saline control (without serum), all of them in triplicate, which amounts to nine simultaneous confrontations. When a serum from C F patient was tested, a serum from the parent of the same sex was run at the same time; when an affected homozygous mouse serum was assayed, a serum from its +/? sibling of the same sex was run simultaneously. After 2 min of mixing. each individual confrontation was checked at the microscope every 3 min at 100 X. The time that no more sperm translation was observed and the time when no more sperm flagellum activity was detected were both recorded. Each tabulated time value was the arithmetic mean of the three registered times. The whole procedure was carried out at temperatures oscillating between 22-28OC and the test was read in a double blind fashion. The bioassav was ex~ressed in min as: I ) STCT: is the time when no more sperm translation was observed. At this moment, their flagella still kept an in situ swinging movement. 2) SACT: is the time when the last sperm stopped its flagellum swinging movement. At this moment, no single flagellar movement was detected in the test chamber.
Statistical evaluations were carried out applying Dixon's test for extreme anomalous data (10). In order to investigate a possible sex difference in STCT and SACT, a statistical study was made on each individual group. None of the cases showed significant differences; so that, the data from males and females were grouped together, for each genotype. When a pair of arithmetic means was compared, a Student's t test was employed to determine whether they were estimators of the same population mean. When more than two means were compared, a variance analysis was made with one criterion of classification.
RESULTS

HUMAN SERUM CILIOTOXIC ACTIVITY ON MOUSE SPERM
A progressive decrease in sperm translation was observed during the confrontation, and gradually they became motionless while their flagella still kept the swinging beating. After a little time, the sperm lost all movement. The results of STCT and SACT for the employed dilutions of human sera are shown in Figure I . In all cases, sperm confronted with saline were the last to stop their activity. It was observed that both STCT and SACT values always decreased with the increase in serum concentration in all the groups studied; the best differences between C F patients and controls were noted in SACT using fresh sera at 1/2 and 1/10 dilutions ( P < 0.01 and P < 0.05, respectively), and in STCT using fresh sera at 1/10 dilution ( P < 0.05).
Sera samples frozen at -20°C for 24 hr modified their SCA, and the differences among groups were not significant. The method was useless to detect SCA with fresh sera at both 1/100 and I / I dilutions. In view of these results it was decided to choose fresh serum at 1/2 and 1/10 dilutions for routine testing of ciliotoxic activity.
SERUM CILIOTOXIC ACTIVITY IN MICE
As it is shown in Table 1 , when sperm suspension was confronted to 1/2 and 1/10 dilutions of BALB/c mice sera, STCT and SACT were significantly higher ( P < 0.00 1) than the other studied groups. Homozygotes for the cri gene showed significant differences in STCT and SACT when compared to their +/? siblings. It was possible to detect ciliary ciliotoxic activity in cri/ cri mice using 1/10 serum dilution; at 1/2 dilution, the differences concerning +/? siblings were not significant. In all cases, STCT and SACT for mice serum were higher than saline controls; on the other hand, the last values were higher than the same obtained with human sera. No significant differences were detected between bg/bg and +/? mice of the C57BL/6J-bgJ strain. A method capable of detecting SCA was designed; CF patients and obligatory heterozygotes sera, which frequently exhibited ciliotoxic property, were taken as reference. The technique was applied to investigate SCA in sera from mice with some abnormalities similar to those found in CF patients.
It is well known that SCA is not a reliable individual characteristic for screening of CF heterozygotes because it is not always demonstrable in CF patients and obligatory heterozygotes. In fact, in the present study an overlapping was found between homozygotes and heterozygotes in both STCT and SACT values; nevertheless, this procedure, applied to human patients, allowed us to make the identification of individual carriers of the CF gene out of a normal population. Sperm flagella from BALB/c mice seem to be sensitive to the CF ciliotoxic action. The best serum dilutions to observe differences in SCA were 1/10 and 1/2. The 1/10 dilution had been employed successfully by Wilson and Jahn (19) in their studies on detection of the CF serum factor producing cytolysis of Colpidium striatum. As reported (2 I), freezing of serum could decrease SCA to such a point that it becomes undetectable; so that for SCA bioassay in mice only fresh serum can be employed.
The advantage of this inexpensive method lies in its simplicity and fast determination in contrast to other methods, such as those requiring cell culture (7, 18) . In addition, these vibratile cells come from an animal that does not possess any particular problem of environmental adaptation; moreover, sperm production is not greatly affected by seasonal variations. Saline control was included in order to verify the reproducibility of the sperm motility level in each experiment. All the human STCT and SACT mean values were lower than those obtained for the saline controls, which in turn, resulted lower than mouse STCT and SACT values. This may be related to the respectively heterologous or homologous character of the confrontation systems when human or mouse sera were tested. The significant differences found in STCT and SACT between cri/cri and their +/? controls suggest the existence of a ciliotoxic serum factor, which may be related to the same factor described in human CF serum. As observed in human sera. 1/10 was a sensitive dilution to detect mice SCA. Homoscedasticity for cri/cri and their control siblings for STCT and SACT did not allow the detection of the mixed composition of the +/? popula- ' i * SE (n).
' Significant difference with P < 0.01 with respect to the +/? group of the same strain.
way.
The +/? group is probably composed of 1/3 of +/+ and 2/ cri/+ individuals, phenotypically not differentiable. In this , the ciliotoxic behavior of mouse serum seems not to be identical with C F human serum in which no differences were seen between obligatory heterozygotes and affected homozygotes. The highest values of STCT and SACT were obtained when both BALB/c sperm and serum were confronted, probably due to the syngeneic nature of this system. On the other hand, the results obtained in DBA/2J-cri and c57BL/6J-bR" strains were significantly lower than those obtained for BALBIC mice. ~ecaus; +/ + and the heterozygotes of those two strains were not available, it is difficult to speculate about the differences found among strains. The similarity in both STCT and SACT between bg/bg and +/? control siblings of the C57BL/6J-bgJ inbred strain of mice, suggest the absence of SCA in these mutants.
From an experimental point of view, it is interesting to note the simultaneous bresence of an impaired electrolyte metabolism, a diminished pulmonary clearance of Staphylococcus aureus, and serum ciliotoxic properties associated with an autosomic recessive mutation in an inbred strain of mice (DBA/2J-cri). In conclusion, the demonstration of SCA in cri/cri homozygotes supports their proposition as animal model for CF.
CONCLUSION
Serum ciliotoxic activity, also found in C F patients, was investigated in different inbred strains of mice. After having developed a simple test to detect SCA in C F patients using mouse sperm as ciliary system, it was applied to mouse serum. It was chosen DBA/ 25-cri and C 5 7~~/ 6~-b g ' mutant mice because they show several alterations resembling cystic fibrosis; BALB/c mice were used as controls and as sperm donors. The results obtained suggest the existence of SCA, similar to that found in C F patients, in cri/cri homozygotes of the DBA/2J-cri strain. Thus, their use as animal model for C F studies is suggested.
